Objectives: The purpose of this study was to analyse the validity of clinical assessment of alcohol intoxication (ICD-10 Y91) compared with estimated blood alcohol concentration (BAC) using a breath analyser (ICD-10 Y90) among patients in the emergency room (ER). Methods: Representative samples of ER patients reporting within six hours of injury (n = 4798) from 12 countries comprising the WHO Collaborative Study on Alcohol and Injuries were breath analysed and assessed blindly for alcohol intoxication at the time of ER admission. Data were analysed using Kendall's Tau-B to measure concordance of clinical assessment and BAC, and meta analysis to determine heterogeneity of effect size. Results: Raw agreement between the two measures was 86% (Tau-B 0.68), but was lower among those reporting drinking in the six hours prior to injury (raw agreement 39%; Tau-B 0.32). No difference was found by gender or for timing of clinical assessment in relation to breath analysis. Patients positive for tolerance or dependence were more likely to be assessed as intoxicated at low levels of BAC. Estimates were homogeneous across countries only for females and for those negative for alcohol dependence. Conclusions: Clinical assessment is moderately concordant with level of BAC, but in those patients who have actually been drinking within the last six hours the concordance was much less, possibly because, in part, of a tendency on the part of clinicians to assign some level of intoxication to anyone who appeared to have been drinking.
A lcohol is among the most important risk factors globally as a cause of both disability and mortality, accounting for 4.0% of disability adjusted life years (DALYs) in the World Health Organization (WHO) estimates for 2000, and for higher proportions of DALYs both in developed (9.2%) and in lower mortality developing countries (6.2%). 1 A substantial proportion of the disability and mortality attributable to alcohol is accounted for by injuries, both unintentional and intentional-32% and 14% of injury deaths and 28% and 12% of DALYs, respectively-in the 2002 estimates. 2 Emergence of Y90 and Y91 codes Although alcohol involvement in injuries has been demonstrated in numerous studies, data are primarily from special epidemiological studies rather than from ongoing recording systems. This deficiency in knowledge arises partly from the fact that alcohol's involvement has not routinely been recorded in coding injuries in mortality or morbidity surveillance systems. In the International Classification of Diseases, 9 th revision (ICD-9), 3 as well as earlier versions, the primary circumstance in which alcohol could be coded was in relation to alcohol poisoning (E860.0 or E860.1, and 980.0, in ICD-9). In view of this, the 1984 WHO Informal Consultation on Proposals for the Classification of Mental Disorders and Psychosocial Factors in ICD-10 proposed that coding the degree of alcohol intoxication, and the nature of the evidence, should be encouraged ''as an extra code in injuries''. 4 This suggestion was further developed in a 1987 proposal for ICD-10 coding from the US Alcohol, Drug and Mental Health Administration. 5 In this version, two codes were proposed: one recording the blood alcohol content (BAC), and, when this was not available, a separate code recording the level of apparent intoxication. A modification of this was adopted in ICD-10 as the Y90 and Y91 codes, respectively. 6 The subcodes of Y90 are defined by a series of nine blood alcohol levels: less than 20 mg/100 ml (0.02); 20-39 mg/100 ml; 40-59 mg/100 ml; 60-79 mg/100 ml; 80-99 mg/100 ml; 100-119 mg/100 ml; 120-199 mg/100 ml; 200-239 mg/100 ml; and 240 mg/100 ml or more. There is also a code for the ''presence of alcohol in blood, level not specified''. Y91, which is intended to be used in the absence of a BAC measure, records an assessment of alcohol involvement determined by level of intoxication with four levels differentiated: Y91.0 (mild), Y91.1 (moderate), Y91.2 (severe), Y91.3 (very severe). Criteria for assessment at each level can be found in Appendix A. An additional code is used, Y91.9, to indicate alcohol involvement not otherwise specified.
Relation of clinical assessment to blood alcohol concentration
The provision of two alternative methods of recording the degree of alcohol intoxication raises the question of the level of agreement of the two measures. The concordance of these two measures might be expected to vary according to several factors:
N the extent of the subject's tolerance of alcohol, and N cross-cultural variations in the behaviour of intoxicated individuals 7 that might affect manifestations of intoxication.
Previous research on the relation of clinical assessment to BAC has been limited. A Finnish emergency room (ER) study, correlating BAC with physician assessment of three levels of intoxication and ''no intoxication'', found that among those assessed as not intoxicated, 14% had positive BACs (and half of those were above 0.10) whereas 12% of those assessed as heavily intoxicated had negative BACs. 8 The physician assessment was found to distinguish better between any significant BAC (0.06 or above) and none than between different levels of positive BAC. A second Finnish ER study, in which assessment was carried out by a separate staff survey, found that among those assessed as not intoxicated, 11% had a positive BAC whereas 90% of those assessed as having some degree of intoxication had BACs of 0.06 and higher. 9 This line of work has since received relatively little attention.
Given the adoption of the Y90 and Y91 codes in ICD-10, testing the utility and convergent validity of the codes was among the main aims when the WHO Department of Mental Health and Substance Dependence, in collaboration with the WHO Violence and Injury Department, initiated the WHO Collaborative Study on Alcohol and Injuries in ERs of metropolitan hospitals in 12 countries. In addition to documenting the prevalence and role of alcohol involvement in injuries, and testing the concordance of clinical assessment with BAC, the Collaborative Study aimed to 1) test the feasibility of implementing Y91 coding for assessment and recording of alcohol intoxication in ERs in different societies; 2) develop and pilot materials to assist ER staff in assessing and coding the degree of alcohol intoxication; and 3) explore ways in which alcohol assessments/measurements could be worked into routine ER practice.
METHODS

Data from the WHO Collaborative Study on Alcohol and
Injuries were collected in 2001-2002 from ERs in Argentina, Brazil, Belarus, Canada, China, Czech Republic, India, Mexico, Mozambique, New Zealand, South Africa, and Sweden. Study methodology across sites was similar to that used in previous ER studies. 10 A probability sample of patients admitted for an injury within six hours of the event at each site was approached as soon as possible with informed consent to participate. Samples were drawn from ER admissions forms that reflected consecutive arrival of patients. The total sample across all sites of those 18 years and older was 5243 patients and represented a 91% completion rate. BAC estimates were obtained using a breath analyser and patients were given a 25 minute interviewer-administered standard questionnaire. A cohort of interviewers in each site was trained and supervised by study collaborators in their respective locations. A clinical assessment of intoxication made by an ER physician or nurse was also obtained, in most cases prior to the interviewer obtaining the BAC estimate. In instances where BAC was obtained first (10%), the clinician was blind to the BAC estimate. In four sites (Belarus, Brazil, China, and India) an additional observational assessment of intoxication was obtained by a second interviewer (Interviewer Assessment) who had no knowledge of the breath alcohol estimate or of the clinical assessment of intoxication.
Physicians and/or nurses were trained by WHO study staff and site investigators using a module prepared by WHO, which included diagnostic criteria for intoxication, behavioural manifestations, description of clinical signs, testing for impairment, and other clinical conditions warranting a differential diagnosis. A sufficient number of clinicians were trained at each ER site to assure availability during the periods patients were sampled. The table used by clinicians to elicit clinical signs of intoxication and the observational assessment codes with accompanying descriptions, based on ICD-10 descriptions of alcohol intoxication at different levels, 6 can be found in Appendix A. The observation assessment also recorded whether or not the clinician believed a substance other than alcohol might be involved.
Interviewers undertaking the Interviewer Assessment (IA) did not receive any special training in assessing for intoxication. The IA was included to test the ability to evaluate the level of alcohol intoxication without any prior training, using a form specifically designed for this purpose (see Appendix B).
BAC was analysed using the Alco-Sensor III intoximeter (Intoximeters Inc, St Louis, MO, USA), which provides estimates that are highly correlated with chemical analysis of blood.
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The interviewer-administered standard questionnaire was translated and back translated in each setting and included, among other items, whether the patient reported drinking within six hours prior to injury and a question related to tolerance: ''During the past 12 months, have you found that you need to drink much more than before to get the same effect or that drinking your usual amount began to have less effect on you?'' Patients were also asked four items comprising the Rapid Alcohol Problems Screen (RAPS4) as a measure of alcohol dependence. 12 This instrument, developed in an ER population, is based on the optimal set of screening items from several instruments 13 and has been found to perform as well or better than other screening instruments based on alcohol dependence criteria 14 15 in other ER populations. [16] [17] [18] The RAPS4 asks the following: During the past 12 months 1. Have you had a feeling of guilt or remorse after drinking?
2. Has a friend or a family member ever told you about things you said or did while you were drinking that you could not remember?
3. Have you failed to do what was normally expected of you because of drinking?
4. Do you sometimes take a drink in the morning when you first get up?
Patients giving positive responses on one or more items were considered to screen positive for alcohol dependence.
Data analysis
Primary data from each of the ER studies were cleaned and merged into a single data file. Data are analysed on the 4798 patients from whom both estimated BAC (Y90) and clinical assessment (Y91) data were obtained soon after ER admission (92% of the sample). To analyse the concordance of Y90 and Y91 codes the following mapping was used: BAC (0.059 = no intoxication, BAC >0.060-0.099 = Y91.0 (mild intoxication), BAC >0.100-0.199 = Y91.1 (moderate intoxication), BAC >0.200 = Y91.2/Y91.3 (severe/very severe intoxication). This mapping was based on available published information about the rough correlation between BAC and levels of behavioural impairment 19 20 and descriptions of the Y90 and Y91 categories in the ICD-10. 15 Kendall's Tau-B 21 was used to measure the agreement of BAC categorisation with clinical assessment. Kendall's Tau-B measures concordance (analogous to positive correlation for rank order variables) or discordance (analogous to negative correlation) across all pairs of patients. Values of Tau-B range from 21 to +1, where a value of 21 indicates perfect discordance of BAC and clinical assessment, a value of +1 indicates perfect concordance, and a value near zero indicates no association. 21 Cohen's k, the most commonly used index for measuring agreement between ordinal variables, has been found to depend heavily on the distribution of the variables analysed. 22 Kendall's Tau-B has been found to perform better than other measures such as Kendall's Tau-C, Goodman and Kruskal's a, and extensions of Spearman's r. 23 Values of Tau-B using Y90 and Y91 codes were estimated both for the overall sample as well as for those who reported drinking within six hours prior to injury. Tau-B also was computed within each country by gender and by dependence as measured by the RAPS4. For those countries for which the IA was available, Tau-B additionally was computed between IA and the Y90 and Y91 codes separately. The estimated Tau-B for each ER along with its standard error was used to obtain an overall pooled estimate across study sites using meta-analytic techniques. Tests of heterogeneity of the values of Tau-B across studies were then carried out using the Q statistic. 24 Results for both fixed and random effects are reported along with tests of homogeneity. 25 Figure 1 shows the distribution of breathalyser readings by clinician assessment. Not included in this table are the 88 patients who were clinically assessed as alcohol involved but with no level of intoxication specified. Among those patients with a quantified level of intoxication assessed, 52 (1.1%) had values of BAC >0.10 (moderate or severe intoxication) but were assessed as not intoxicated, whereas 24 patients (0.5%) were negative on BAC but were clinically assessed as moderately or severely/very severely intoxicated. Possible reasons for these large discrepancies were examined. Among those patients with a BAC >0.10, no difference was found on the RAPS4 between those clinically assessed as not intoxicated and those clinically assessed as moderately or severely/ very severely intoxicated; however, those assessed as not intoxicated were significantly less likely to be positive for tolerance (4%) compared with those assessed as intoxicated (21%) (x 2 test, p = 0.005). Of the 24 patients clinically assessed as moderately or severely intoxicated but negative on BAC, the clinical assessment indicated that 50% may have other drug involvement compared with 6% of the remainder of the sample (x 2 test, p,0.001). Overall, 84.6% of patients with a BAC >0.06 were assessed as intoxicated, whereas 93.4% of those with a BAC ,0.06 were assessed as not intoxicated (Yule's Y = 0.80, Cramer's V = 0.70) (not shown). Table 1 shows the cross classification of clinical assessment by BAC. Nearly 82% of the sample had a BAC ,0.06 and were clinically assessed as not intoxicated. In addition to Kendall's Tau-B (0.68), the footnote in Table 1 also provides several other measures of agreement commonly used, including a weighted Cohen's k (.57), Pearson's r (0.65), and Spearman's r (0.70). These measures all indicate a moderate to good level of agreement of BAC and clinical assessment for the overall classification table. However, because some of the more desirable properties of the Tau-B measure, as discussed above, only Tau-B will be reported in subsequent analyses. Table 2 shows values of Tau-B for concordance between the clinical assessment and BAC estimate for the total sample and for those reporting drinking within six hours prior to injury. Levels of concordance or agreement between the two variables were higher for the total sample (86% raw agreement; Tau-B 0.68), probably because, in part, of the large proportion of patients who registered ,0.06 on the breathalyser and who were also clinically assessed as not intoxicated (82%). No difference was found by gender for concordance of clinical assessment with estimated BAC. In the total sample, concordance was significantly higher for those with a negative RAPS4 and for those negative on tolerance. The direction of misclassification resulting in this difference was examined and found to be because of a higher rate of clinician over classification (clinicians assessing patients as intoxicated at low BAC levels) for those positive on the RAPS4 and tolerance compared with those negative on these measures. No difference was found for timing of the clinical assessment in relation to the BAC estimate. When concordance was examined for only those patients who reported drinking within six hours prior to injury, no difference was found on dependence or tolerance.
RESULTS
Level of concordance between clinical assessment and BAC was also examined by whether a trained physician (seven sites) or trained nurse (four sites) carried out the assessment, and no difference was found (not shown). In the remaining site, both physicians and nurses were trained to perform the assessment. Table 3 shows the level of concordance between clinical assessment and BAC for each country by gender and alcohol dependence. Tolerance was not included in this table because the number of those positive across individual studies was too small to provide stable estimates. Level of concordance between the IA and both the clinical assessment and BAC estimate was also examined. In the four countries where an IA was also carried out, concordance of IA was greater with clinical assessment than with BAC estimate. In three of the four countries, IA appeared to be at least as good as clinician assessment.
Pooled effect sizes for concordance were found to be significant across all subgroups, but no significant differences were found within subgroups. However, effect sizes were homogeneous across studies only for females and for those negative on the RAPS4-the two subgroups with a larger proportion of those negative on the breathalyser and/or negative on clinical assessment. be high among those not consuming substantial amounts of alcohol prior to the ER visit, with 82% of the sample with a BAC ,0.06 and assessed as not intoxicated. Agreement was considerably lower (39%) for those reporting drinking within six hours prior to injury-the group most likely to be intoxicated and/or have a positive BAC at the time of admission to the ER. Nevertheless, only a small per cent of patients were assessed as not intoxicated who had high BACs at the moderately or severely intoxicated level (1%), or assessed as moderately or severely intoxicated with negative BACs (0.5%). In this latter group, the possibility of other drug involvement was indicated and should be considered in clinical assessment of patients for alcohol intoxication in the ER setting.
Tolerance and/or dependence were found to influence the concordance of clinical assessment with BAC, but not in the direction expected. It was thought that those tolerant to alcohol's effects might be assessed as not intoxicated at relatively high BAC levels. In fact, the opposite was found with these individuals assessed as intoxicated at relatively low levels of BAC. It is possible that those with a history of heavy alcohol consumption (and who would be tolerant) may have a diminished capacity to metabolise alcohol because of alcohol related organ damage resulting in signs and symptoms associated with intoxication at relatively low levels of BAC. An alternative explanation is that those positive on tolerance and/or the RAPS4 would be more likely to have been drinking, and a tendency may have existed on the part of the clinicians to assign some level of intoxication to anyone who appeared to have been drinking. Surprisingly, other factors that might be thought to affect the concordance of clinical assessment with BAC, such as gender, timing of the assessment in relation to ascertainment of the BAC, or the extent of experience of the individual performing the assessment, were not found to affect agreement between the two measures. Assessment by untrained interviewers appeared to be as good as clinician assessment in three of the four countries in which IA was also evaluated; however, the number of studies is small and this finding should be pursued in future research.
Pooled estimates of concordance between clinical assessment and BAC were homogeneous only for females and those negative on dependence-the two groups most likely to be negative for intoxication and/or BAC at the time of ER admission.
One limitation of this study is the extent and quality of training clinicians may have received in clinical assessment. Although the same set of training materials provided by WHO were used at each study site, training was carried out by a number of different individuals and the extent of similarities and differences in training across sites is unknown.
Based on the study's findings, use of the Y91 codes in the ER appears to be a reasonably valid method of assessing alcohol intoxication, although the level of intoxication appears to be more difficult to assess than whether the patient has consumed any substantial amount of alcohol prior to the ER visit-a result also found in other studies. 8 Given the busy atmosphere of the ER, a brief clinical assessment would be easier to routinely implement by a variety of personnel in the ER setting than obtaining an actual estimate of the BAC, which would require more time and patient cooperation and may carry legal implications. Y91 codes could supply data for documenting the burden of alcohol related injury in the ER and tracking changes over time, as well as prove useful for patient care management in the ER. Given the variable concordance of clinical assessment with BAC, it would also be prudent to obtain an estimate of BAC in those cases in which patients show an altered level of consciousness.
Clinical procedures in the ER may vary according to whether a patient shows signs of severe intoxication. 26 Clinical assessment in this regard must have high sensitivity-that is, the ability to detect all of the cases that are in fact severely intoxicated. The implementation of Y91 codes, in this respect, could still be improved-for example, by specific training. Future research should focus on the content and extent of training required for valid assessment, including those factors-for example, drug use-that may influence accuracy of clinical assessment.
Additionally, patients identified as alcohol involved at the time of the ER visit may be potential candidates for a brief intervention to reduce problem drinking. The ER visit has been identified as an opportune time for initiating a brief intervention with these patients; patients for whom a link can be established between their drinking and the reason for their ER visit may be particularly motivated to change their drinking behaviour. 27 28 The few studies on interventions in the ER have found reductions in future drinking and trauma readmission, 28 as well as drinking and driving, traffic violations, alcohol related injuries, and alcohol related problems among 18 and 19 year olds. 29 In order to identify patients who might benefit from a brief intervention in the ER setting, clinical assessment must be relatively inclusive identifying the majority of patients who are alcohol involved. The Y91 measure has been shown to capture this population to a large degree, and Y91 coding may prove important in screening patients to receive brief interventions. The paper shows that approximately 95% of patients, with blood alcohol concentrations (BAC-as measured by breathalyser) below 60 mg per 100 ml of blood, were correctly diagnosed as being not intoxicated. Approximately 85% of patients with BAC above 60 mg% were correctly assessed as being intoxicated. However, there was a low incidence of alcohol intake in this population of 4798 patients; approximately 80% had not been drinking alcohol within six hours of attending the emergency room.
The measurement instrument RAPS4-developed from optimal items across several screening instruments, including the well known CAGE questionnaire-does effectively detect dependency.
This paper, therefore, really confirms what we all suspect: that clinical assessment is difficult and for it to be of use clinicians need training.
So how does this paper affect our own practices in the UK? Training in the detection and management of alcohol misuse is judged as important, 2 and this paper from Cherpitel et al emphasises this need. Emergency department staff, who may be inexperienced, need to be able to make pragmatic, prompt management decisions. The key question is ''Is the patient a hazardous drinker who warrants referral for brief intervention with an alcohol health worker (AHW)''? [3] [4] [5] as opposed to ''Is the patient intoxicated at presentation to the accident and emergency department''?
The ICD-10 classifications do not answer this-hence their limitation.
If a patient is alert and orientated, then detecting hazardous drinking by questionnaire is effective. Use of breathalysers is perceived as judgemental causing resentment.
Patients, not alert and orientated, warrant blood alcohol levels to help clinical decision making, [6] [7] [8] and to flag up possible alcohol misuse for later definition with questionnaire-for example, the Paddington Alcohol Test.
Cherpitel et al contribute to the literature by highlighting the need for accident and emergency department staff to be trained in assessing patients for possible alcohol misuse, and, further, that the WHO has no coding for the binge or dependent drinker. Such detection should trigger the offer of referral to the AHW, thereby making maximum use of the ''teachable moment''. 5 Alcohol abuse remains a major challenge in our everyday practice and the time has come to move from the reactive approach of dealing with the immediate problem to referring patients for proactive management of problem drinking. We have a long way to go before the recommendation from the Royal College of Physicians, that every acute trust must have their own AHW, 9 is met.
